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Abstract  
A species of mushroom, Verpa bohemica was collected from lower Shivalik range of moist temperate Conifer forest of Rajouri 
and identified on the basis of morphological and molecular characterization. Universal fungus primers (ITS1 and ITS4) were 
used in amplification process of target region of rDNA (ITS1 5.8S I). Bioinformatics approach was followed for its molecular 
identification. Its rDNA sequence, when aligned in GenBank by performing BLAST, matches 100% with Verpa bohemica. The 
rDNA sequence of this species forms a distinct clade from the rest of species of the same genus. This species is being 
reported and explored first time from Rajouri Dist. of Jammu & Kashmir, India.  
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INTRODUCTION 
 
     Verpa bohemica is a species of fungus in the Morchellaceae 
family. It is commonly known as the early morel (or early false morel) 
or the wrinkled thimble-cap, it is one of several species known 
informally as a "false morel". The mushroom has a pale yellow or 
brown thimble-shaped cap, 2 to 4 cm (0.8 to 1.6 in) in diameter and 2 
to 5 cm (0.8 to 2.0 in) long including a surface wrinkled and ribbed 
with brain-like convolutions. The cap hangs from the top was of a 
lighter-colored, brittle stem and measured up to 12 cm (4.7 in) long 
and 1 to 2.5 cm (0.4 to 1.0 in) thick. Microscopically, the mushroom 
is distinguished by its large spores, typically of 60–80 x 15–18 µm 
sized, and the presence of only two spores per ascus. In the field, 
this mushroom species was reliably distinguished from the true 
morels on the basis of cap attachment: V. bohemica has a cap that 
hangs (free from the stem) completely. Although, this widely 
considered edible, mushroom is generally not advised for 
consumption due to various reports of poisoning in susceptible 
individuals. Poisoning symptoms include gastrointestinal upset and 
lack of muscular coordination. V. bohemica is originally found in 
northern part of North America, Europe, and Asia. It fruits in early 
spring, growing on the ground in woods following the snowmelt, 
before the appearance of "true morels" (genus Morchella). The 
synonym Ptychoverpa bohemica is often used by European 
mycologists. Morels are difficult to study in nature due to their habit 
of sudden fruiting and their high variability with regard to ascocarp 
phenotype, habitat, and trophic state [1]. They are generally 
classified morphologically into black and yellow species, but the 
ascocarps within each species also differ in color nuances, shape, 
size, and ridge arrangement [2], complicating the task of 
systematizing them according to morphological traits. Globally, 
morels are found in a wide range of habitats and environmental 
conditions [3-10] and display different trophic stages [11]. With 
regard to seasonality, however, morels show less variability. All over 
the world, the different species of morels emerge in particular 
locations, generally in the spring, although several reports have 
described finding morels in the summer [12] or autumn [13], which 
vanish after a few weeks [2, 3, 10-14].  In the present investigation, 
a new species of mushroom (fungi), Verpa bohemica was collected 
from lower Shivalik range of moist temperate Conifer forest of 
Rajouri Dist. (J&K), India and was identified on the basis of 
morphological and molecular characterization. This is a new kind of 
species explored recently in Rajouri Dist. of J&K, India which adds a 
chapter in diversity of mushrooms. There were no previous records 
available regarding the taxonomic investigation, molecular 
identification and elucidation of phylogenetic relationships of Verpa 
bohemica in India. 
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MATERIALS AND METHODS 
Taxonomic Identification 
 
     Fresh material was characterized morphologically in the field 
while the dried specimen was analyzed microscopically. Sections of 
basidiomata were prepared and observed under the light microscope 
equipped with camera. 
 
Molecular Identification and Elucidation of Phylogenetic 
Relationship 
 
     The methodology was adopted [15] with some modifications 
for molecular identification and elucidation of phylogenetic 
relationship of the species. Dried specimen was ground in liquid 
nitrogen and placed in 2% CTAB buffer and DNA was extracted [16]. 
Genomic material was suspended in nuclease free water and stored 
at -20°C. ITS regions of rDNA were amplified using universal primer 
pair ITS1 and ITS 4 [17]. PCR was performed in 25 µl reaction 
volume following the protocol as prescribed [18]. PCR product of the 
ITS amplified region containing ITS-1, 5.8 and ITS-2 was directly 
sequenced in both directions using the same pair of amplification 
primers. The sequence data was assembled and analyzed. 
Nucleotide sequence comparisons were performed with Basic Local 
Alignment Search Tool (BLAST) network services using National 
Center for Biotechnology Information (NCBI), USA database. 
Molecular identification up to species level was done and species 
designated based on similarity with best aligned sequence in BLAST 
search. Sequence obtained was analyzed for restriction pattern for 
selected enzymes (AluI, ECoRI, HinfI, MboI and TaqI) using 
Sequencher 4.10.1 software. For further phylogenetic analysis and 
alignment of sequence, closely related sequences were selected and 
extracted from GenBank database. The sequence alignments were 
performed using Clustal W and Clustal X 1.83 software. 
 
RESULTS 
Taxonomic Identification 
 
     The cap of this fungus (known technically as an apothecium) 
was found to be 2 to 4 cm (0.8 to 1.6 in) in diameter by 2 to 5 cm (0.8 
to 2.0 in) long, with a conical or bell shape. It appears to be folded 
into longitudinal ridges that often fuse together (anastomose) in a 
vein-like network. The cap was attached to the stem at the top only 
hanging from the top of the stipe, with the lobed edge free from the 
stem and varies in color from yellowish-brown to reddish-brown while 
the underside of the cap was pale. The stem was 6 to 12 cm (2.4 to 
4.7 in) long by 1 to 2.5 cm (0.4 to 1.0 in) thick, cream-white in color, 
and tapers upward so that the stem was thicker at the base than at 
the top. The stem appeared loosely stuffed with cottony hyphae 
(Figure 1). The spore deposition was yellow, and the flesh was white. 
The spores of V. bohemica were huge, typically measuring 60–80 by 
15–18 µm. The spores were elliptical, smooth, sometimes curved, 
and appear hyaline (translucent) to yellowish (Figure 2). The spores, 
which were two (more rarely three) per ascus are characteristic for 
this species. The asci appeared smooth and elliptical, appeared 
275–350 µm in length and 16–23 µm in width (Figure 3). The 
specimen of the species characterized was deposited in National 
Centre of Fungal Taxonomy (NCFT), New Delhi, India for future 
reference. The specimen is deposited in NCFT, New Delhi, India 
vide accession no. NCFT-5975.12. 
 
 
Fig 1. Stems of V. bohemica with soft cotton appeared tissues 
 
 
 
Fig 2. Elliptical spores of V. bohemica 
 
 
 
Fig 3. Asci of V. bohemica with elliptical appearance 
 
Molecular Identification and Elucidation of Phylogenetic 
Relationship 
 
     The phylogenetic relationship of Verpa bohemica was 
analysed. Analyses using ITS sequences displayed a monophyletic 
behavior of the family Morchellaceae as well as Verpa genus.  
Target region of genomic DNA isolated from Verpa bohemica was 
amplified generating a fragment approximately 570 bp consisting of 
internal transcribed spacers (ITS) regions and 5.8S region of rDNA. 
Results of sequencing with same pair of primers, nucleotide 
sequence comparisons were performed with BLAST network 
services using National Center for Biotechnology Information (NCBI), 
USA database and it matches 100% with V. bohemica (GenBank 
accession AJ698471 and U42672). With other closely related 
species it shows percentage similarity 99% with Disciotis venosa 
AJ698472 (Figure 4). Nucleotide sequence of collection identified 
was submitted to EMBL database and is available in GenBank 
accession. 
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Fig 4. Phylogenetic relationship of Verpa bohemica (Identified from Rajouri Dist., 
J&K, India) inferred from ITS regions along with 5.8S part of rDNA.  
 
DISCUSSION 
 
     In the present investigation, a new isolate of Verpa bohemica 
was collected first time ever from Rajouri Dist. of Jammu & Kashmir, 
India. The species was taxonomically identified and its phylogenetic 
relationship with gene sequences information available in databases 
was analysed with bioinformatics tools. The species differs morpho-
anatomically from Verpa conica and other species of Morchellaceae 
family. The stem was thick, cream-white in color and tapers upward 
so that the stem was thicker at the base than at the top. The stem 
appeared loosely stuffed with cottony hyphae [19]. The spore 
deposition was yellow, and the flesh was white. The spores of 
V. bohemica were huge, typically measuring 60–80 by 15–18 µm. 
The spores were elliptical, smooth, sometimes curved, and appear 
hyaline (translucent) to yellowish [20]. The spores, were two (more 
rarely three) per ascus are characteristic for this species [21]. The 
asci appeared smooth and elliptical, appeared 275–350 µm in length 
and 16–23 µm in width [22]. Taxonomic identification is further 
supported by molecular characterization. The species identification 
depends upon the similarity of the known and unknown sequences in 
GenBank; the similarity more than 97% is not erected as a new 
species [23]. The sequence of ITS-rDNA regions of our 
taxonomically identified Verpa bohemica matches 100% with 
German Verpa bohemica (AJ698471) and Poland Verpa bohemica 
(U42672). Our explored species showed 99% similarity with Disciotis 
venosa AJ698472.  Fingerprinting or ribotyping are rather quicker 
tools for species identification using different restriction enzymes 
without sequencing a gene if a RFLP-database is available [24, 25].  
 
ACKNOWLEDGEMENTS 
 
     We deeply acknowledge the research staff of Sangene 
Biotech (P) Ltd., Bangalore, Karnataka for DNA sequencing and 
determination of phylogenetic relationship.  
 
REFERENCES 
 
[1] Pilz D., R. McLain, S. Alexander, L. Villarreal-Ruiz, S. Berch, T. L. 
Wurtz, C. G. Parks, E. Mc-Farlane, B. Baker, R. Molina and J. 
E. Smith. 2007. Ecology and management of morels harvested 
from the forests of western North America. USDA General 
Technical Report PNW-GTR-710, Portland, OR, U.S.A. pp. 
161. 
[2] Weber N. S. 1995. A Morel Hunter’s Companion. Thunder Bay 
Press, Lansing, pp. 208. 
[3] Bartelli I. 1990. May is morel month in Michigan. Extension 
Bulletin E-614, Michigan State University, East Lansing, pp. 22  
[4] Batra L. R. 1983. Edible Discomycetes and Gasteromycetes of 
Afghanistan, Pakistan and North India. Biologia. 29: 293-304. 
[5] Buscot F. 1989. Field observations on growth and development 
of Morchella rotunda and Mitrophora semilibera in relation to 
forest soil temperature. Canadian Journal of Botany. 67: 589-
593. 
[6] Buscot F. and J. Roux. 1987. Association between living roots 
and fruit bodies of Morchella rotunda. Transactions of the 
British Mycological Society. 89: 249-252. 
[7] Carpenter S. E., J. M. Trappe and J. Ammirati Jr. 1987. 
Observation of fungal succession in Mount St. Helens 
devastation zone, 1980-1983. Canadian Journal of Botany. 65: 
716-728. 
[8] Friedman S.A. 1986. Morels, May apple and the meaning of life. 
Mushroom, the Journal of Wild Mushrooming. 4: 5-9. 
[9] Kaul T. N., M. L. Kachroo, J. L. Kachroo, A. Krishna and C. K. 
Atal. 1981. Mycoecological studies on morel bearing in 
Kashmir. Mushroom Science. 11: 789-795. 
[10] Singh S. K., S. Kamal, M. Tiwari, R. D. Rai and R. C. Upadhyay. 
2004. Myco-ecological studies of natural morel bearing sites in 
Shivalik hills of Himachal Pradesh, India. Micologia Aplicada 
International.  16:1-6 
[11] Pilz D., N. S. Weber, M. C. Carter, C. G. Parks and R. Molina. 
2004. Productivity and diversity of morel mushrooms in healthy, 
burned, and insect-damaged forests of northeastern Oregon. 
Forest Ecology and Management. 198: 367-386. 
[12] Wurtz T., A. Wiita, N. Weber and D. Pilz. 2005. Harvesting 
morels after wildfire in Alaska. Research Note PNW-RN-546. 
USDA, Forest Service, Pacific Northwest Research Station, 
Portland, OR, U.S.A. 
[13] Singh S. K., S. Kamal, M. Tiwari, R. D. Rai and R. C. Upadhyay. 
2004. Myco-ecological studies of natural morel bearing sites in 
Shivalik hills of Himachal Pradesh, India. Micologia Aplicada 
International. 16:1-6. 
[14] Kuo M. 2005. Morels. The University of Michigan Press, Ann 
Arbor, pp. 205. 
[15] Razaq A., A.N. Khalid, S. Ilyas. 2012. Tricholomopsis flammula 
metrod ex holec (Basidomycota agaricales)- An addition to the 
mushroom flora of Pakistan based on molecular identification. 
Pak. J. Bot. 44:413-416. 
[16] Porebski S., L.G. Bailey, B.R. Baum. 1997. Modification of a 
CTAB DNA extraction protocol for plants containing high 
polysaccharide and polyphenol components. Plant Molecular 
Biology Report. 15(1): 8–15. 
[17] White T.J., T.D. Bruns and L.J. Taylor. 1990. Amplification and 
direct sequencing of fungal ribosomal RNA genes for 
phylogenetics. In: PCR protocols: A guide to methods and 
Anand and Chowdhry 
 
12
applications, (Eds.): M.A. Innis, D.H. Gelfand, J.J. Sninsky and 
T.J. White. Academic Press, New York, pp. 315-322. 
[18] Gardes M. and T.D. Bruns. 1993. ITS primers with enhanced 
specificity of basidiomycetes: application to the identification of 
mycorrhizae and rusts. Molecular Ecology. 2: 113-118 
[19] Schalkwijk-Barendsen HME.1991. Mushrooms of Western 
Canada. Edmonton, Alberta: Lone Pine Publishing, pp. 178. 
[20] Phillips R. 2011. "Verpa bohemica". Rogers Plants Ltd. Retrieved 
pp. 03-05. 
[21] Healy R.A., D.R. Huffman, L.H. Tiffany, G. Knaphaus. 2008. 
Mushrooms and Other Fungi of the Midcontinental United 
States (Bur Oak Guide). Iowa City, Iowa: University of Iowa 
Press, pp. 295. 
[22] McKnight V.B. and K.H. McKnight. 1987. A Field Guide to 
Mushrooms, North America. Boston, Massachusetts: 
Houghton Mifflin, pp. 42. 
[23] Gao O. and Z.L. Yang. 2010. Ectomycorrhizal fungi associated 
with 2 species of Kobresia in an alpine meadow in the eastern 
Himalaya. Mycorrhiza. 20: 281-287. 
[24] Gomes E.A., M.C.M. Kasuya, E.G. de Barros, A.C. Borges, and 
E.F. Araujo. 2002. Polymorphism in the internal transcribed 
spacer (ITS) of the ribosomal DNA of 26 isolates of 
ectomycorrhizal fungi. Genetics and Molecular Biology. 25(4): 
477-483. 
[25] Gardes, M. and T.D. Bruns. 1996. ITS-RFLP matching for 
identification of fungi. Methods in Molecular Biology. 50: 177-
186.
 
 
 
 
